Wilms' tumor is the most common pediatric primary renal cancer and is highly responsive to surgery and chemotherapy. The role of radiotherapy has evolved in the last three decades from the use of stepwise incremental doses in all patients to the current concept of added radiotherapy in advanced cases or in those with unfavorable pathology. To the authors' knowledge, this is the rst case of a young woman with prior history of Wilms' tumor and signi cant weight loss due to radiation arteritis involving the abdominal vasculature. A 31-yearold woman presented with a history of weight loss and severe malnutrition. An angiogram revealed that the aorta was occluded below the renal artery. The celiac artery and the superior mesenteric artery were occluded at the origin, and large intercostal collaterals reconstituted the pelvic circulation. She was initially treated with total parenteral nutrition (TPN) and underwent an infrarenal aortic bypass surgery. Histopathology of the aorta revealed intimal brocalci c thickening and changes consistent with radiation-induced arteritis. Later, she was readmitted with progressive hepatic insuf ciency. Despite intensive medical therapy, she died of multi-organ failure.
Introduction
Unintentional weight loss remains one of the most challenging diagnostic entities in medicine. The pretest probability of various medical disorders resulting in unintentional weight loss is highly variable, 1 ± 4 and the symptoms of these disorders often overlap on initial presentation. Numerous diagnostic interventions are therefore often required to make a diagnosis. While most studies on weight loss have been done with retrospective chart analysis, 1 ,2 a recent prospective study indicated gastrointestinal disease as the predominant cause of weight loss in 30% of cases. 4 The overwhelming majority of patients in studies on unintentional weight loss are elderly patients; studies of weight loss in young people are lacking. Careful historytaking with a thorough physical examination and a thoughtful selection of diagnostic tests remain the cornerstone for making an accurate diagnosis. We present an unusual case of weight loss in a young patient secondary to radiation arteritis. To our knowledge, this is the ®rst case of radiation arteritis presenting as weight loss in a patient with prior history of Wilms' tumor. diarrhea, and failure to thrive. She noticed a 34-pound (15.4 kg) weight loss over the last 5 months. She complained of nausea and frequent postprandial emesis. She had six to eight bowel movements per day during the ®rst 4 months of her illness, which resolved spontaneously prior to her visit. She noticed intermittent right lower quadrant pain during the episodes of diarrhea, but denied any history of melena or hematochezia. She also had frequent episodes of heartburn and belching. Investigation at an outside hospital including an ultrasound of the gallbladder, CT scan of the abdomen and pelvis, upper gastrointestinal X-rays, and colonoscopy were all normal. A therapeutic trial of a proton pump inhibitor was unsuccessful in relieving her sensation of heartburn.
Signi®cant past medical history included a left nephrectomy and external radiation therapy secondary to Wilms' tumor at the age of 5 years. Three years ago, she noticed left lower extremity weakness. An MRI of her thoracic and lumbar spine showed a high T1 signal consistent with radiation therapy of her lower lumbar spine. An EMG revealed evidence of chronic left sciatic neuropathy involving the peroneal division, suggestive of left lumbosacral plexopathy. She was diagnosed as having radiation-induced spinal cord necrosis, and treated with amitriptyline. About a year ago, she developed a deep venous thrombosis of the left lower extremity and was treated with 6 months of warfarin. Extensive work-up for acquired and inherited thrombophilic state including lupus anticoagulant antibody, factor V leidin mutation, dys®brinogenemia, and intravascular coagulation were negative. She gave a history of preeclampsia during her ®rst pregnancy. She gave a 10-pack year history of smoking prior to stopping in 1997. She denied any use any illicit drugs.
Examination revealed an emaciated young woman who weighed 90 lbs (40.8 kg). She had signi®cant loss of buccal fat. Her abdomen was scaphoid without any localized ten-derness. Investigation revealed a hemoglobin of 11.9 g/dl, total protein of 6.2 g/dl, serum albumin of 3.0 g/dl, a serum carotene of 21 m g/dl (normal 48±200 m g/dl), bilirubin was 1.0 mg/dl, AST was 12 U/l, alkaline phosphate was 540 U/l, negative anti-gliadin antibody, and a Doppler ultrasound of the abdomen with occlusion of the celiac axis and superior mesenteric artery (SMA) with numerous collaterals. A small bowel follow-through study revealed minimal fold thickening throughout the duodenum and jejunum. An angiogram revealed that the aorta was occluded below the renal artery ( Figure 1 ). There was a single, widely patent, renal artery and irregularity and narrowing of the abdominal aorta just above the renal artery. The celiac artery and SMA were occluded at the origin and large intercostal collaterals reconstituted the pelvic circulation ( Figure 2 ). The common and external iliac arteries were widely patent. The superior hemorrhoidal artery and sigmoid arteries were patent. A gastric emptying study revealed a delayed emptying of technetium labeled meal of 2% at 1 h, 12% at 2 h and 64% at 4 h. The small bowel transit and colon transit were normal. An esophagogastroduodenoscopy revealed severe distal esophagitis. Biopsy from the esophagus revealed squamous mucosal change consistent with re¯ux esophagitis. Small bowel biopsy was normal.
She was diagnosed as having weight loss secondary to radiation-induced arteritis involving the descending aorta and its branches. She was admitted for total parenteral nutrition (TPN) therapy and subsequently underwent a thoracic aorta-to-infrarenal aortic bypass graft using a 14 mm InterGrad vascular Dacron graft. During the surgery plaques were noticed in the posterior abdominal aorta. Histopathology of the abdominal aorta using the Verhoeff-van Gieson stain revealed changes consistent with radiationinduced arteritis (Figures 3 and 4 ). An angiogram performed on postoperative day 5 revealed a patent aorto-bi-iliac graft, ®lling of short segments of superior mesenteric artery and some of its branches via a left hypogastric injection. The celiac axis and its branches were not visualized. The portal vein was patent. On the eleventh postoperative day, she was noticed to have swelling in both lower extremities and found to have thrombosis in the left external iliac vein. She was started on heparin and warfarin. On postoperative day 13, her serum bilirubin was 2.8 mg/dl, AST 73 U/l, and alkaline phosphatase 2395 U/l. Ultrasound of the liver revealed a gallbladder with multiple gallstones and no intrahepatic dilatation. The etiology of the elevated liver function tests was thought to be due to TPN therapy. Her liver functions stabilized and she was discharged on day 18.
Two weeks later, she was readmitted to the hospital with worsening nausea and jaundice. An endoscopic retrograde cholangiopancreatography (ERCP) was performed on day 9 to evaluate the cause of dilatation of intrahepatic and pancreatic ducts detected on subsequent evaluation. However, this was complicated by duodenal perforation. She underwent emergency laparotomy for surgical repair of 
Discussion
Wilms' tumor is the most common primary renal tumor of childhood representing 6% of all childhood malignancies. 5 The mean age at diagnosis is 4 years. The role of radiotherapy in the management of Wilms' tumor was clearly de®ned in 1950, when the cure rate of Wilms' tumor with surgery alone was 30%; after surgery and radiotherapy it rose to 50%. 6 Enthusiasm for the use of radiotherapy in the treatment of Wilms' tumor led to the development of the National Wilms' Tumor Studies (NWTS). In one study, 359 patients were randomized, between the years 1969 and 1974, to determine the role of radiation therapy on children with tumors con®ned to kidney that were completely resected. 7 During this period, the dose of radiation therapy was determined by the age of the children at the time of diagnosis, and varied from 1800 Gy to 2400 Gy in newborns up to age 18 months, to 3500 Gy to 4000 Gy in children older than 40 months. However, subsequent studies conducted by NWTS II through NWTS V 8 ,9 identi®ed numerous disadvantages of radiation therapy ( Table 1 ). As a result of these studies, a much lower dosage of radiation is used, as well as carefully selected indications, regardless of age at presentation and histology.
In an effort to reduce the long-term adverse effects of radiation therapy, the NTWS V recommends the use of radiotherapy after surgical resection in (1) low-dose abdominal radiation (10.8 Gy) for children with favorable histology and stage III, or with unfavorable histology and stage I, II or III (except for stage I anaplastic tumors); and (2) whole lung radiation (12 Gy) for children with lung metastasis. 8 Accelerated atherosclerosis in long-term survivors with Wilms' tumor has been postulated as a late complication in patients who have received radiotherapy. 1 0 However, cardio- myopathy related to anthracycline-based chemotherapy also seems to be a major side effect in patients with Wilms' tumor.
Our patient was diagnosed with Wilms' tumor when she was 5 years old. Based on the prevalent medical treatment of Wilms' tumor at the time of her initial presentation (a step-wise, age-dependent increased dose of radiotherapy), it is assumed that she received a higher dose of radiation to her abdomen than would be prescribed now. She did not receive any chemotherapy. We believe that she had radiation arteritis affecting several major abdominal arteries. She also had radiation-induced spinal cord necrosis. In the absence of an autopsy, it is dif®cult to postulate the cause of her liver failure. Radiation hepatitis resembling hepatic veno-occlusive disease has been reported in a patient with Wilms' tumor. However, veno-occlusive disease has also been reported in 3% of patients who received dactinomycin and vincristine without the use of radiotherapy. 1 0 Our patient had diarrhea, delayed gastric emptying and a normal small bowel transit study, low albumin and low carotene levels, and minimal thickening of the duodenal and jejunal mucosa on a small bowel follow-through study suggestive of malabsorption syndrome or radiation effect. Husebye et al 1 1 have described severe late radiation enteropathy (LRE) in a series of 41 patients with abdominal symptoms following radiotherapy. The typical presentation of severe LRE included intestinal pseudo-obstruction, malnutrition, impaired post-prandial motility and delayed initiation and reduced intensity of migrating motor complex (MMC) during nocturnal fasting. We did not perform a prolonged ambulatory manometry to detect dysmotility in our patient as she required emergent vascular surgery. Severe LRE has been associated with increased mortality. 1 2 We would postulate that our patient had radiation effects affecting her small and large intestine, in addition to her spinal cord and abdominal vasculature.
Radiation-induced atherosclerosis has been increasingly identi®ed as a risk factor for development of stenosis involving carotid, coronary, distal aortic, iliac and other large arteries. 1 3 ± 1 7 Several acute and chronic effects of radiation on the vasculature have been described. 1 7 ± 1 9 Among the acute effect of radiation is an early loss of endothelial cells in small and medium sized vessels which is accompanied by vessel wall edema, accumulation of foam cells in the intima, and thrombosis followed by mucoid and ®brous thickening of intima. 1 8 This is followed often by ®brinoid necrosis and in¯ammation of the vessel wall resulting in destruction of elastic lamina and ®brous tissue formation causing secondary thickening of the vessel wall with aneurysmal dilatation and thrombosis. Cell adhesion molecules (CAMs) expressed on leukocytes and endothelial cells have been recently implicated in radiation-induced arteritis. 1 9 Chronic arterial injury due to radiation is often underappreciated and could present several years after the radiation therapy. 1 7 The chronic vasculature due to radiation includes subendothelial connective tissue proliferation, disruption of elastic lamina, accumulation of intimal and subintimal ®brinoid substances, degeneration of smooth muscle, dense ®brosis of adventitia, aggregation of foamy histiocytes in damaged wall and obliteration of vasa vasorum. Macroscopically, the chronic, radiation-induced arterial disease is distinct from naturally occurring athero-sclerosis as the lesions are localized to the ®eld of radiation and manifestation of multi-organ atherosclerosis is lacking. Also, these patients are younger than individuals with multi-system atherosclerosis. Beckman et al 2 0 have recently demonstrated a signi®cant impairment of endotheliumdependent vasodilation of irradiated axillary arteries in patients with breast cancer treated in the past (time of last radiation to enroll, 12 ± 6 years) with external beam radiation. It is likely that the chronic effects of irradiation decrease the bioavailability of nitric oxide, which often accompanies the other risk factors in atherosclerosis. 2 0 , 2 1 The exact incidence of radiation arteritis in survivors with Wilms' tumor is unclear. Himmel and Hassett 1 7 described a series of four patients with Wilms' tumor who presented with hypertension and were detected to have renal artery stenosis due to radiation. The average duration from the time of radiation to presentation in three patients was 9 to 12 years. In one case, the dose of radiation and time interval was unknown. We were unable to ascertain the dose of radiation that our patient received at an outside hospital. Given the latency of presentation of chronic vascular injury described in the literature, 1 7 from months to over 20 years, a thorough evaluation is indicated in order to identify vascular insuf®ciency in these patients. A thorough evaluation to identify abdominal vascular insuf®ciency is suggested in patients with prior history of Wilms' tumor who have received radiation therapy and present with weight loss.
